Self-similar profiles for capillary diffusion driven flow in heterogeneous porous media by Duijn, C.J. (Hans) van & Neef, M.J. de
Centrum voor Wiskunde en Informatica
REPORTRAPPORT
Self-similar profiles for capillary diffusion driven flow in heterogeneous 
porous media
C.J. van Duijn, M.J. de Neef
Department of Analysis, Algebra and Geometry





1090 GB  Amsterdam
The Netherlands
CWI is the National Research Institute for Mathematics
and Computer Science. CWI is part of the Stichting
Mathematisch Centrum (SMC), the Dutch foundation
for promotion of mathematics and computer science
and their applications.
SMC is sponsored by the Netherlands Organization for
Scientific Research (NWO). CWI is a member of
ERCIM, the European Research Consortium for
Informatics and Mathematics.
Copyright © Stichting Mathematisch Centrum
P.O. Box 94079, 1090 GB  Amsterdam (NL)
Kruislaan 413, 1098 SJ  Amsterdam (NL)
Telephone +31 20 592 9333
Telefax +31 20 592 4199
 
	 ff	fiflffi !#"$&% '(*),+ff	ffi-




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































JGdÄSaeDkHffKfldYMXSF@sHQSGKfldªIFNDkSaeDÆbs@C¡@CdYHffSGKdYMNº q ³2 q ´WI
dYLº ý ³ ý ´hûÃV
HQKfl@eFMD\GSGjMOdCKflSWdCD-HQD
MMNIFNZ;SK;L(DSDFNBEGdeDSaeDEDd(SGFNDWfflFI`CaYMK




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































-0.4 -0.2 0 0.2 0.4
u(
x
u*
c b a
7\FkAX>
{
­
»l¼W7:pl7_t68A=74m^/3_:k4X7:/397:9·6UAX/W/F^fiX/FAX>Bmpl>`IY7kp¿Cd/3A
)
6
,
fi
v
{
R
)
2
,
fi
vøÃ6`9JI
)
E
,
fi
v
b
RJ689QIK4X<5>£7:974=76`_I@7t^4XA=72k54X7/F9
e
)+*-,/.103246587/9:58;<5=.?>3@U/34X<H4=<>&68k4=</3AZ^T7^<£4=/>Sû@nA=>`^X^J4X<>S7A\3AZ684=74XkQI@>4X/`T6`A$I^
4X<>ôË>BnJ6`AX4=pl>B9Y4/8CBA6`4X<>Bpf684X7tEB^(/`C&4X<>ôË>B_ÇCd4DCa97VW>BAZ^7:4m/`C.0>`E$<9/F_/F\3mWRT<>SAX>
pl/W^4/8C4X<7t^ïA=>`^>r68A$E$<lT63^aEB68A=AX7>rI×/3k4
e
EGFIH3FIJFLKNMOFLP
Q
{SR

e
g
e
í
4XY79Q^/39Ø689QIUT
e
í
e
ç>S_>B4=7>BA
e
¼W7:pl7_t68AX7:4mân5AX/8áQ_>`^l/8C1úJ/`Ta^K4=<AX/Fk\3<
nJ/FAX/3kQ^ïpl>rI@76
eVXWZY\[]'^D_a`b]?cedfYg[]/VXhi_ajk]
R
*
Ã
)fiÈ
,
»
b

cmlYb
Ê
c
R
{
c
Ê
{
e
©q©a°­q¦
Ã3Ã
Q
Ã
R

e
g
e
í
4=@7:9J^/F9689QInT
e
í
e
ç>S_>B4=7>BA
e
¼W7:pl7_t68A=74m^/F_k4=7/39Q^×/8CH4=<>;95/39_:79>`6`A
IY7ÇÆÁkJ^7:/39u>-oWkJ684=7/F9
epVXWZYg[]:^D_a`b]'cqdfYg[]:VXhi_ajk]
R
È8*5)+*
,
»
b
Ê
bmlYb3c
ÃR
{
c
Ê
*
e
Q
b
Rsr
e
U>`68A
eutwvxhi_3y!z{Yg|u}~sj=z{|z{hN%}3Wf}3|cedf3z{_3e
Ë/`VW>BAÔçþk52_7tEB684=7/39Q^GRöfi9JE3R
Õ
>BT/3AXÁR
{
c
Ê`Ã
e
Q
*
RsŁ
e Öe
UAX/W/35^H689JI
í
e
.
e
/3AX>Sm
e
çqA=/3nJ>BAX4=7>`^a/8C&nJ/3AX/FkJ^£pÌ>`I@766BÆÁ>`EG4X7:9\×úJk57I
úQ/8T
e%]'gWffiWSz8]'twWf_3z{h?]twz{]/VXy]':}-Y]Bz{]'Oha=]
R
c
Ã
)
ö
Ł
Ã
,
» 
{
l
¸F¸
R
{
c
3
e
Q
È
R
¼
ee
UkJE$@_:>Bm·6`9JInA
e

e
TJ>BVW>BA=>B4X4
e
A;>rE[<J6`97^p /8C?úQk7II@7t^n_t63EG>Spl>B9Y479
^=689JI5^
eiWf_3h|-]'VXy]'gh|S`]/cz{h?]'cqd`_aj#jk]1Dd\`b]/%hx8]
R
{
*
Y»
{
­
Ê
l
{3{
YR
{
c8*
Ã
e
Q

R
A
e
r
e
IY>
Õ
>B>GC
e%}a#i[_|-d'D}3qz{h[d\`bdSWf}g=dSh?df}3a|i}3Wf}3|Oydf3z{_3e
çq<JËÏ4=<>`^7^GR
Ëa>B_ÇCd4OC97VW>SA$^7:4m/8Cþ.0>`E$<9/F_/F\3mWR
{
c3c

e
öfi9unAX>BnQ68A$6`4X7:/39
e
Q
Ê
R
A
e

e
TJ>BVW>BA=>B4X4
e
&6`n7_:_6`AXml2J>B<J6BVY7/FA79no/FAX/FkJ^H^/3_:7I^
e?]/Dd\`b]?dfYg[]
RJnJ6`\3>`^
{
l
{
ÊWRÁ68k\FkJ^4
{
c`*
­@e
Q
¸-R
Ë
e

e
AEffi</FAX4=>BAq6`9JIË
e¡ he
¼ìk9J63I56
e
û6FEG4 79Y4X>B\FA$68_5^/F_k4=7/F9J^0Cd/3A 4TU/`fin<Q63^>
úQ/8T
e¢	_a`dgWX^XdZ|£}3=W¤]'^XdZ|-]
RÃF
)Db
,
»
b3cFc¤lW*
{
b
R1A6`A$E$<
{
c3c
­@e
Q
c
Rsr
e
Ł
e
çq<7_:7n
e
í
VW>BA=mK\F>B9>BAZ68_E|_63^=^/8C>Sû6FEG4H^/F_k4=7/F9J^79EG/F9JEG>B9Y4XAZ684X7:/39I@>|
nJ>B9QI@>B9Y4aI@7ÇÆÁkJ^7/39
ep¥_a`¦8W\d
R
{B¸
È
»Ã
b3b
R
{
c

­Ye
Q
{
­
R!r
e
Ł
e
çq<7_:7n
e·Ö
/FAX7#B/39Y4$6`_AX>`I@7t^4=AX725k4X7:/39·T74=<EB6`n7_:_68A=m<Ym5^4X>SAX>`^7^
e§¢	_a`dgW
^XdZ|£}3=W¤]^IdZ|-]
R5Ã-Ê
)
Ê
,
»
{
*WÈ3cml
{
*

c
R
r
k_:m
{
cFc
{
e
Q
{F{ffiR

e
r
e
VF689 Ëk7 ¨X9689QI;
e
r
e
.
e
 _/3A=7^
e
A684X<5>Bpu684=7EB6`_Á689J6`_m5^7^/8Cþ4X<>H79YúJk>B9JE|>
/`CnJ/`TU>BAfi_t6BTâúJk7tI?AX<>S/3_/F\3m/F9u6HEB68n7:__t68AXmôI@7ÇÆÁkJ^7/F9B/F9>
e?]iDd\`b]:Y]%hx8]
R
Êì» Ã
{
È¤l
Ã
b
ÊWR
{
c3c
Ã
e
Q
{
Ã
R

e
r
e
V36`9ðËk7 ¨X9R
r
e
A;/3_:>B9J636`ABR689JI©A
e
r
e
I@>
Õ
>B>GC
e
.U<>>|ÆO>rEG4u/8CÌEB6`n7_L
_t68A=m×Cd/3AZEG>`^/397pÌpl7:^XEG7:2_L>4TU/`fin5<J63^>?úJ/`T	79<>B4X>SAX/3\F>B9>B/FkJ^no/FAX/FkJ^pl>`I@7t6
e
WZ_3h3|bi}3W\`z{h+%}3Wf}3|Xcqdf3z{_
RÃ
{
»LÊ
{
l-c3b
R
{
cFc3È
e
Q
{
b
R

e
r
e
V36`9¯Ëk7ª¨X9 689JI«T
e
í
e
ç >B_>B4=7>BA
e
í
E|_63^=^£/`CÓ^7pÌ7_6`AX7:4m^/3_k54X7/F9J^?/8Ca4=<>
95/39_:79>`6`AI@7LÆÁkJ^7:/39·>-oWkJ684=7/39
e¬¥}3h=jz{h?df_3WVXhi_ajvm|£z­|\®'[df}3Wffivm®ffced\`{[}|¯_3hi
VB3jz{Y\_a`¦z{}3h|
R
{
)Db
,
» Ã3Ã
b¤l
Ã
b3b
R
{
c
ÊFÊ
e
Q
{
*
R
.
e
.U<
e
V36`9×ia>B9YkJE$<@4=>B9
e
í
EG_:/W^>`I-dCd/3AXpð>-oWkJ6`4X7/F9£Cd/FAqnAX>rI@7EG4=79\4=<>U<Ym5I@A$6`k_7tE
E|/39JI@kQEG4X7:V@7:4mÓ/8Ck59J^X6`4XkAZ684X>rI×^/37_t^
e':}3zkji:Y£z°]i:}-Y]iVXy]i]
R
*3*
»
¸
c
Ã
l
¸
c
¸
R
{
c
¸
­@e
Q
{
È
R

e

e
(/FAX4Z^/W^Ó689JI
r
79JES687<J689\
e
&68n57__t68A=m;>GÆÁ>`EG4Z^ï7:9^4=>`63I@mW^4$6`4X>úJ/`Tð79
<5>B4X>BA=/3\F>B9>B/FkJ^EG/3A=>`^
e!WZ_3h3|bi}3W\`z{h±O}3WZ}3a|Dcqdf3z{_
R
È
»
b3cFc¤lW*
Ã
­
R
{
cFc
­@e
